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Introduction 
IIASA celebrated its twentieth anniversary on May 12-13 with its 
fourth general conference, IIASA '92: An International Conference 
on the Challenges to Systems Analysis in the Nineties and Beyond. 
The conference focused on the relations between environment and 
development and on studies that integrate the methods and find- 
ings of several disciplines. The role of systems analysis, a method 
especially suited to taking account of the linkages between phenom- 
ena and of the hierarchical organization of the natural and social 
world, was also assessed, taking account of the implications this has 
for IIASA7s research approach and activities. 
No phrase that has come out of a conference has had more res- 
onance than "sustainability." It was well chosen, with a suitable 
measure of ambiguity yet specific enough to ring a bell in most 
people's minds. In the one word it could claim to summarize the 
vast literature that took off from Rachel Carson and the Club of 
Rome. It is positive, where "limits" is for many unacceptably nega- 
tive. It goes well in combination with other desirable entities, as in 
"sustainable growth." This latter enables it to appeal to  the poor 
who look to growth, as well as to those better off who focus on the 
damage that growth causes to the natural environment. To hear 
"sustainable growth" is reassuring, for it seems to  tell us that,  in 
Harvey Brooks' expression, "economic development and protection 
of the environment are not necessarily in conflict with each other." 
Environmental study requires the contributions of a number of 
disciplines, and its models bring together variables not ordinarily 
associated with one another. In these regards it exemplifies the 
ideas of systems analysis. But there are other fields that also bring 
out those ideas. The pension problem that will soon face every 
country as it develops, just as it now faces the industrial countries; 
uncertainty is universal whenever models aer used to illuminate 
the longterm future; every model faces questions of identification, 
in its attempt to infer the underlying structure that generates the 
observed data; that the several world models now extant reach such 
different conclusions throws light on the difficulty of identification 
and on the uncertainties of world modeling. 
We believe that the papers contained in the first volume, Sci- 
ence and Sustainability. Selected Papers on IIASA 's 20th Anniver- 
sary (IIASA, 1992) dealing with these themes, along with the com- 
ments on the papers and the reports of the discussion groups con- 
tained in this volume, will at least help clarify difficulties that will 
always be with us in science as they are in policy making. 
Committee for IIASA '92 
Nathan Keyfitz (Chair)* 
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de JBnosi, Alexander Kurzhanski, Arkadii Maltsev, NebojSa Nakidenovid, Roderick 
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P A R T  I 
What is Sustainability? 

1. Sustainability and Technology 
Harvey Brooks 
Discussions and comments by: 
Professor Fritz Paschke 
Technical University, Vienna, Austria 
Sustainable Development: A Guiding Principle 
in Search of Operationalization 
DL Bert de Vries 
National Institute of Public Health and Environmental 
Hygiene, Netherlands 
Sustainable Underdevelopment: Commentary on 
Unresolved Issues 
Professor Sven B. Lundstedt 
Professor of Public Policy and Management, 
The Ohio State University, Columbus, Ohio, USA 
Rapporteur's Report: 
Dr. Joanne Linnerooth-Buyer 
Risk Analysis and Policy Project, 
IIASA, Laxenburg, Austria 

Foreword 
Amomg public debates of recent decades that between the advo- 
cates of economic growth on the one side and of care for the envi- 
ronment on the other stands out for residence to compromise. In 
none have the sides taken seemed so irreconsilable, the advocates 
so unwilling to listen to one another. The word sustainable, as used 
for instance in "sustainable growth," seems to  bridge the gap, but 
the issue is moe than verbal - no word, however brilliantly chosen, 
can resolve it. 
Harvey Brooks discusses real solutions. He is not in a position 
to offer one that is definitive - no one is - but at least he tells us 
how and where to pursue the search for an answer that would go 
beyond words. He wants to translate sustainability into action, to 
operationalize it ,  to say what has to  be done, and done now, in 
order that what is a very general long-term goal can be attained. 
He is more than ware that once a precise mening is assigned the 
unanimity falls away and interests and values come into play. The 
point of his analysis is to show what directions of knowledge suit- 
ably applied can lead to  the result desired by all, but without using 
means that would harm or offend any. For the moment these means 
are not yet to hand, but it is still a step ahead to show their na- 
tre. For example if technology shifts far enough in the direction of 
producing equal satisfaction with less use of materials, the direc- 
tion spoken of as dematerialization, one can visualize a condition 
of ecological stability even far into the future. 
Until such ideal technology is invented protection of the envi- 
ronment will lower some incomes in comparison with what they 
would be without protection. Large differences of opinion on what 
should be done in the way of protection in this period - which could 
be long - are inevitable. One dares to hope that the sense of com- 
munity, and the common solicitude for the fragile natural base of 
our economy, will be strong enough to permit the needed compro- 
mises during the transition to an adequately dematerialized way of 
life. That at least is how we interpret Professor Brooks7 message. 
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Discussion 
Fritz Paschke 
Peter de Jinosi made a mistake when he asked me to be a discussant 
for the subject. Firstly because my knowledge is concentrated on 
technology and my experience is limited to engineering; secondly, 
wherever I do have experience, there is more agreement with Brooks 
than controversy or severe doubts. On the other hand, when read- 
ing or listening to Brooks7 stimulating account, associations arise 
which may be worth communicating. I shall limit my comments to  
a remark on the definition of sustainability; 
a deliberation on technology assessment and 
reflections on values applied by an engineer in practice. 
1 Sustainability 
The satisfaction of human demands of the present generation with- 
out decreasing opportunities for future generations is considered a 
wise and practical combination. Take, as an example, the automo- 
bile. Every economic assessment shows that the automobile is an 
indispensable product and cannot be replaced at present by any- 
thing without serious problems. At the same time, there is no doubt 
that the operation of large numbels of automobiles leads to severe 
contamination of the atmosphere. In an optimistic view, which I 
personally share, the key technologies of the closing century may 
cut a path toward sustainability: 
Microelectronics lead to better engine control. 
Material synthesis, analysis, and treatment enable safe and low- 
weight designs with almost total recycling. 
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Energy technologies are improved by computer simulation and 
similar methods allowing the operation of a 100 horsepower 
diesel engine with a consumption of about 4 liters per 100 km 
and very low contaminants in the exhaust gas. 
Even biotechnology may contribute something through alterna- 
tive fuel production. 
These. accomplishments are possible without considering radical 
changes, such as the introduction of electrically powered engines. 
The example of the automobile - among many others - leads 
me to argue against a distinction between "old" and "new" tech- 
nologies. There is no old branch of products closed to pervasion by 
new technologies. To stay in the field of traffic: just think of the 
progress of railway systems caused by new technologies! 
2 Technology Assessment 
Technology assessment plays a key role in achieving sustainability. 
To assess a new technology in order to secure controllability, the 
dynamics of the innovative process have to be considered. 
In a grossly simplified view, four phases of development may 
be distinguished (Figure 1 ). Basic research is knowledge-oriented 
and may lead to a scientific discovery, which stimulates a mode of 
research which is typical for our century, a function-oriented scien- 
tific task which I call forefield research. It aims to derive economic 
advantage from a scientific discovery: the target is an invention, 
a product idea which is subsequently followed by product develop- 
ment with clear specifications for product performance and cost. 
Finally product transfer to a pilot production has to be accom- 
plished. It is well known that expenditures rise sharply with ap- 
proximation to  the market, while the times available to perform 
shrink. What has this to do with technology assessment? The 
ability to control, in a gross approach, is a product of the ability 
to assess the development and the ability to reverse the process of 
developn~ent. Controllability is proportional to assessability times 
reversibility. As indicated in Figure 2, assessability rises from zero 
in the phase of basic research to  100% in production, while due 
to economic and social constraints, reversibility shrinks from 100% 
Forefield research 
Basic research 
Time + 
Figure I. Creation and development of a modern product. 
in basic research to zero in production: controllability apparently 
shows a maximum in the phase of forefield research. Now, here 
again I present an oversimplified view, chosen, of course, for the 
sake of argument and to emphasize my conviction that technology 
assessment has to be integrated in the innovative process and is a 
prerequisite of sustainability. 
3 Values 
Values are as important to engineering work as they are difficult 
to  implement in practice. It depends on the degrees of freedom 
enjoyed by the engineer; in industry, economic survival plays such 
a dominant role that proper political decisions have to be imposed 
to secure progress toward sustainability. Take again the example of 
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Production 
Discovery Invention transfer 
I I 
I I 
I I 
Time + 
Discovery 
I 
Invention 
Production 
transfer 
I 
I 
I 
I 
Time + 
Figure 2. Assessability and reversibility of development (upper 
part). Controllabilit,y is proportional to assessability times re- 
versibility (lower part). 
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Improvements in 
industrial structures 
~~~ working environment 
Figure 3. Priorities. 
the automobile: the catalytic converter was considered an excellent 
product for the limitation of air pollution long before laws had to 
be introduced to enforce its use. Or take the silent but less powerful 
trucks which are imposed on industry by the Austrian Government 
through the Transfer Treaty with the EC - it is not a technological 
problem at all, but rather a socio-economic task which calls for 
political action. 
At the university, academic freedom allows a more direct ap- 
proach toward sustainability. In the case of the institute which I 
head, we distinguish between two levels of priorities (Figure 3 ) .  Top 
priority is allocated to projects which promise an improvement in 
European economic structures, particularly in Austria, and which 
do not collide with priorities on the lower level. These priorities 
are: health, environment, adaptation of the working environment 
to man and balance between developed and underdeveloped re- 
gions. I hasten to say that success in the various priorities depends 
on the quality of ideas, which are unforeseeable (the "positive sur- 
prises" of Brooks) and can only be stimulated but not planned. 
Consequently, our record of success does not follow priorities, but 
engineers willingly believe in Dante's advice: 
'Wisdom follows action. ' 

Sustainable Development: 
A Guiding Principle in Search 
of Operationalizat ion 
Bert de Vries 
Abstract 
The present scientific ambiguity in the concept of sustain- 
able development should not be eliminated. It ensures that the 
paradigmatic embedding of the concept is not lost. Scientific 
operationalization should focus on the formulation of sustain- 
ability indicators which are linked by meta-models in an ap- 
propriate network of activity-stress-impact chains. Simulation- 
gaming offers the prospect of providing a socio-political context 
for learning, communicating and exploring sustainable futures 
on the basis of existing scientific insights. 
4 Sustainable Development and its Necessary 
Embedding in Paradigms 
Since t h e  1970s the  concept of sustainability has emerged as a way 
t o  organize a variety of thoughts and  actions which represent t h e  
widespread feeling that  humankind is over-exploiting t h e  ea r th  t o  
t h e  detriment of itself and  other living beings. Originating from 
na tu re  conservation movements and ecologists, the  concept became 
politicized by t h e  World Commission on Environment and Develop- 
ment  which postulated an  explicit link between [unlsustainability 
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and poverty (WCED, 1987). Sustainable development has now be- 
come the catchword for the future. At present sustainable develop- 
ment mainly functions as a guiding principle, not unlike the Dec- 
laration of Human Rights, as is clearly demonstrated, for instance, 
in the formulation of the Earth Charter. 
Many people rightly insist that the concept should be opera- 
tionalized in such a way that indicators can be constructed to de- 
sign and implement strategies for sustainable development, with 
the support of scientific facts and models. Yet, we should be- 
ware of killing the fertile richness and ambiguity of the concept 
by the prevailing scientific reductionism. Such attempts, if success- 
ful, would eliminate or obscure the fact that a concept like sustain- 
able development necessarily incorporates an underlying world view 
(paradigm, perspective) and value spectrum. Without suggesting 
that it can or should fill the emptiness after Nietzsche's "Gott ist 
tot" or Fukuyama's "end of ideology", I like to  emphasize its ex- 
ploratory and heuristic value in trying to deal in new ways with old 
as well as new problems.[l] 
The paradigmatic background of the concept of sustainable de- 
velopment has been evident from its inception (see, e.g., Coomer, 
1981). Naess (1973) introduced "deep ecology" to contrast it with 
the reductionist science of ecology - "shallow ecology". O'Riordan 
(O'Riordan and Turner, 1979) distinguished between technocen- 
tric and ecocentric attitude toward nature. Bookchin (1982) in- 
troduced "social ecology" to  link anarchism and ecology, challeng- 
ing the established interpretation of environmental problems within 
the framework of neo-classical economics. Various authors have ex- 
plored Buddhist and other spiritual views of nature as an ingre- 
dient of sustainability (see, e.g., Chaitanya, 1983). A thoughtful 
and integrative discussion is given in the IIASA book, Sustainable 
Development of the Biosphere (Clark and Munn, 1986). 
Several classifications of paradigms have been proposed in the 
context of sustainable development - more or less explicitly rooted 
in earlier works of philosophy and the social sciences. Figure 1 gives 
a brief characterization of four perspectives which can be distin- 
guished with respect to sustainable development (de Vries, 1989). 
Sustainable Development 
Adventurer Engineer Steward E l  Partner E l  
Computer Machine Garden "Wilderness" 
Pioneer Planner Caretaker Participant 
"Frontier economy" "Mature ecosystem" 
Competitive hierarchy Cooperative solidarity 
Exploitation Control Stewardship Partnership 
Courage Order Frugality Harmony 
Anthropocentric Ecocentric 
Power over others Power over oneself 
Economic growth Spiritual growth 
(Technical) (Material) (Right and fair) (Harmonious) 
Progress Welfare) Well-being Well-being 
Technopolis Ecotopia 
Figure 1. Brief characterization of four perspectives on sustainable 
development. 
On the one hand is the view that the quest for sustainable de- 
velopment is to be understood as constraints on man's longing for 
material well-being and outer adventure. If an issue at all, the focus 
is on exploring new frontiers and on new technologies. On the other 
hand, the emphasis is on man as an integral part of his natural envi- 
ronment, and in innumerable and partly unknown ways interacting 
with Nature. The quest for sustainable development, then, is one 
of frugality, inner adventure, and appropriate technology. Colby 
(1990) has proposed a similar classification. He distinguishes four 
paradigms: frontier economics, environmental protection, resource 
management, eco-development, and deep ecology, and suggests that 
a gradual shift is taking place away from frontier economics toward 
more ecologically inspired world views. 
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Since its inception by environmentalists and ecologists, the con- 
cept has been increasingly researched by economic and social sci- 
entists. An interesting contribution has been made by Thomp- 
son et  al. (1990) with what they call the "cultural theory". It 
combines the anthropological insights from, among others, Douglas 
(1982) with the ecological knowledge as expressed by, among oth- 
ers, Holling (1986). Societies, it is argued, can be characterized 
along two axes: group and grid. The group axis is a measure of 
the degree to which individuals are behaving and feeling themselves 
part of a larger group of individuals with whom they share values 
and beliefs. The grid axis indicates the extent to which individuals 
are subjected to role prescriptions within a larger structural entity. 
The group-grid characterization offers four different contexts from 
which people perceive the world and behave in it: the hierarchist, 
the individualist, the egalitarian and the fatalist (and the hermit 
who, however, isn't in the game). Figure 2 is an attempt to vi- 
sualize the view of Nature within each perspective. Whereas the 
hierarchist focuses on control and expertise to manage a world of 
stability-within-limits, the individualist imagines himself in a world 
of inherent stability and abundance. The egalitarian emphasizes 
the fragility of Nature; fatalists experience the world as governed 
by chance. [2] 
There are signs that economic science is again broadening 
its view beyond the free-market ideology. The Central Planning 
Bureau (CPB) in the Netherlands introduced long-term scenar- 
ios which distinguish between the equilibrium, the coordination, 
and the free-market perspectives - in remarkable isomorphism with 
some of the previous classifications (CPB, 1992). 
It is necessary to keep the paradigmatic background an integral 
part of the search for a more sustainable world. It serves to give 
appreciation to the role of various [sub]cultures in the debate, e.g., 
between the countries of the North anci the South and between ecol- 
ogists and economists.[3] It can also provide a socio-cultural con- 
text for decision-making and negotiation processes. Of course, one 
should bear in mind that people seldomly express these paradigms 
in their extreme form - nor should one give in to the temptation to 
caricature other people accordingly. [4] 
Sustainable Development 
Fatalist GRID Hierarchist 
(R-strategist, pioneer, entrepreneur) (Steward, partner) 
GROUP = degree to which individual feels himlherself a member of the group 
GRID = degree to which formal relationships between group-members exist 
Figure 2. Four ways to perceive Nature (after Thompson e t  al., 
1990). 
5 Operationalizing Sustainable Development: 
Indicators 
With this statement, it is evident that the scientific community 
should strive for scientifically sound and politically relevant oper- 
ationalization of the concept of sustainable development. Quite a 
few attempts have been made over the past years (see, e.g., de Vries 
and de Greef, 1991). Most of them are more appropriate in commu- 
nicating basic principles than in providing a scientific framework. 
For example, Daly's three principles of sustainability can be graph- 
ically represented as shown in Figure 3.151 Using the standard 
model for renewable resource exploitation and hypothesizing some 
relationship between natural growth rate and the level of pollutants, 
the "environmental use space" suggests a downward sloping cave in 
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"Environmental use space" 
0 1 2 3 
"Resource use space" 
5 
Figure 3. The upper figure shows how the exploitation domain 
of a renewable resource is diminished by pollution, according to 
a simple renewable resource model. The lower gra.ph shows how 
the useful lifetime of a stock of non-renewa.ble resources varies with 
different levels of consumption and capital, according to a, simple 
economic growth model. 
Sustainable Development 
Feedback from pollution 
SOURCES 14 I SINKS 
Extensification 
Minerals 
Fossil fuels 
Renewables 
(fish, forest ...) 
(solar, wind ...) 
+ 
Service output 
Resource 
input 
t 
Industrial output d 
Industrial capital 
(Ground)water 
persistent 
chemicals 
Energy use 
Water use 
Atmosphere: 
(greenhouse 
gases, CFCs ...) 
Soillwater: 
(acidification, 
chemicals ...) 
Figure 4. Overview of the World3-model as used in Beyond the 
Limits (Meadows et al., 1992). Italics indicate the areas to be 
include in the model extension presently under way. 
which a ceiling, not the sky, is the limit (Opschoor, 1989). Using 
the standard model for economic growth, one can picture in a sim- 
ilar fashion a "resource use space". The reserve-production ratio 
(RPR) of a fixed amount of non-renewable resource is a function of 
welfare (equated to the flow of consumption and investment) and 
capital stock. If resource conservation takes place by substituting 
resource use for capital, the RPR increases at a given welfare level. 
A more comprehensive framework is the World3-model which 
has been presented in the book Limits to Growth (Meadows et  
al., 1972) and its recent update Beyond th.e Limits (Meadows et 
al., 1992). Despite its simplifications and global aggregation level, 
the World3-model still provides an integrated representation of the 
global population-economy-environment system within the source- 
sink constraints set by the planet's physical limits ( F i g u ~ e  4 ) .  
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Sustainability should be approached both from the sink and the 
source side. A promising approach is to construct networks of indi- 
cators along the chain of activities (or causes) to stress to impacts 
(or effects). The various indicators should be linked by meta-models 
which in a transparent and scientifically valid way represent their 
interrelationships. Starting at the sinks - "downstream" - with 
impact indicators, targets have to be formulated which reflect a de- 
sirable future in terms of sustainability. The recently published Na- 
tional Environmentar! Outlook for The Netherlands (RIVM, 1992) 
has made some attempts along these lines.[6] So one of the issues to 
confront is the nature of the "sustainable state": should it be like 
the L'unperturbed" state of sixty years ago (as proposed for species 
abundance) or like what it was before pollutants entered the envi- 
ronment (as with the pre-discovery level of chloride in the strato- 
sphere)? Can it be based on the engineering concept of steady-state 
mass fluxes? Should we use some categorical imperative based on 
ethical considerations (as proposed for Antarctica and biodiversity) 
or introduce more anthropocentric notions such as restoration costs 
and degree of irreversibility (as is discussed with regard to landfills 
for solid waste)? Clearly, we are back here in the realm of values - 
for which scientific facts and models are no substitute. 
Once some sustainable state in terms of a desirable and feasible 
future has been formulated, one can anticipate the environmental 
consequences of "stress" scenarios over the relevant time-span, e.g., 
of greenhouse gas emissions over the next century. Undoubtedly, 
the resulting "impact" scenarios will be clouded by uncertainties 
- yet, it appears to be simply a necessity to do the best we can. 
Within the Steward perspective it is a moral duty, within the hier- 
archist paradigm it is a liability to  do so. Based on the sustainable 
state formulation and the inclusion of uncertainty and risk aspects, 
scientists should derive target time-paths for more measurable and 
tangible indicators, e.g., greenhouse gas concentrations and emis- 
sions. These, in turn, can be translated into policies with regard to 
technological development, resource pricing and the like. 
"Upstream", at the source side, sustainability is concerned with 
[over]exploitation of renewable resources like soil, fish, groundwater, 
forest, and with depletion of non-renewable resources such as fossil 
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fuels and mineral ores. Here, too, yardsticks for sustainability have 
been proposed. Some argue in favor of a fixed RPR, others use 
sophisticated mathematical optimization techniques. The "sink" 
and the "source" approaches have to be integrated for a final set 
of aggregate sustainability indicators. The relative importance of 
sink versus source considerations will probably change over t,ime 
and differ from region to region. 
There are many examples of this approach. Recently, the var- 
ious stocks and flows of cadmium in the Netherlands have been 
represented in a dynamic simulation model (Gilbert and Feen- 
stra, 1992). Various policies have been assessed and the future 
system states have been aggregated into two sustainability indica- 
tors. One is the net in-c.q. outflow of the metal, reflecting the 
materials-balance approach in which sustainability is associated 
with a steady-state. The other is the degree to which accumu- 
lation of the metal in the soil exceeds the official standard, linking 
sustainability to health- and risk-related considerations.[7] 
Another example is global warming. Ecologists have tentatively 
suggested trying to achieve a rate limit of O.l°C per decade and an 
absolute limit of 2°C increase for the global average surface tem- 
perature to  avoid major risks resulting from climate change. The 
temperature increase to be expected on the basis of the IMAGE- 
model for the four emission-scenarios outlined by the IPCC Work- 
ing Group 3 are shown in Figure 5 .  The Business-as-Usual scenario 
leads the world around the year 2035 into the high-risk area; the 
scenario with the most stringent emission reductions (Accelerated 
Policies) will enter the low-risk area around the same year. To re- 
duce the risk as soon as possible would require even more drastic 
cuts in greenhouse gas emissions, as is indicated by the Low-Risk 
scenario. If the world community is able to agree on an acceptable 
risk, the technical and economic instruments to realize such a path 
have to be designed. Science should provide the public and the 
policy-makers with yardsticks such as the ones in Figure 5 with 
which to measure progress toward a more sustainable development 
path. 
The case of global warming is an interesting one. Much progress 
has been made in research as well as in formulating issues. Now that 
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1 2 3 4 5 
Absolute temperature increase ("C) 
A Maximum risk 
B High risk 
C Moderate risk 
D Low risk 
- Business-as-usual scenario 
- LOW emissions scenario 
--. Control policies scenario 
- - - -  Accelerated policies scenario 
-- Low-risk scenario 
Figure 5 .  Pathways of the IPCC scenarios in the space of an- 
ticipated relative and absolute change in average global surface 
temperature. 
many governments are in favor of taking action, it is becoming clear 
that proper understanding of social and economic dynamics is lack- 
ing. Major efforts are needed now to extend and integrate insights 
from the social sciences. Which kinds of "laws" could be used to 
represent the dynamics of technological and infrastructural change 
(cf., Chapman and Roberts, 1983; Griibler and Nakidenovid, 1991)? 
What are the micro- and macro-economic impacts of drastic energy 
price increases? In which ways can the developments in "life-style" 
be brought to agree with the exigencies of a finite earth? And in 
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what ways can the various political and institutional arrangements 
be made more appropriate for the task of facing these new global 
challenges? 
Some caveats are necessary if we are to design and use sustain- 
ability indicators such as the ones in Figure 5. First, they have to 
be re-assessed and renegotiated as new scientific evidence appears 
and performance with regard to other developments and environ- 
mental targets can be appraised. The key point here is, it seems, 
the degree to which a fair and widely accepted emission manage- 
ment regime can be agreed upon and implemented by the members 
of the world community. The second UNCED/Conference in Brazil 
was indica.tive of the difficulties to be overcome. 
Secondly, the process of re-assessment and renegotiation needs 
some firm commitments for, e.g., the next five or ten years. Only 
then will the parties involved resist the temptation to come up 
with ever new arguments in favor of more or less stringent targets 
- which might do further damage to  the reputation of politicians 
not doing anything about the problem at all. 
Thirdly, one should keep in mind that one or two indicators for 
organizing the policy-making process may be dangerous in them- 
selves. For instance, global average surface temperature change 
conceals regional impacts, extreme-events frequency distributions, 
and links with other environmental stressors, to  name a few. This 
brings me to the last consideration: a plea for an exploratory and 
adaptive approach to management for a sustainable future. 
6 Learning About Sustainability: Exercises 
in Planning for an Uncertain Future 
From the previous paragraphs it will be clear that I favor an open- 
minded, exploratory and heuristic approach to what is referred to  
as sustainable development or sustainability. One argument for 
this is that mankind is facing a world which is at once speeding 
up and becoming more complex, largely due to its own dynamics. 
Anticipating the future in such a world is increasingly difficult and 
tedious, and to  some - and possibly increasing - extent impossible. 
Here, too, exists a limit which is receding from one perspective (data 
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ABILITY TO KNOW, ABILITY TO PLAN 
"Viable survival" I 
Hard 
Climate sensitivity 
Sustainability I Fuel prices 
Combustion enthalpy 
"Know-ability" 
Weak 
Desirable design 
Population size 
Strong 
Well-being I Household expenditures 
Soft 
Figure 6. Schematic way to characterize model variables. The 
axis strong-weak indicates the degree to which a [sub]system can 
be known. The axis hard-soft measure the degree to which a 
[sublsystem is amenable to manipulation and control. 
availability and processing, for example) but is coming nearer from 
another perspective (timely understanding of the consequences of 
our own actions, for example). 
One may visualize this limit along two axes which I call know- 
ability and plan-ability (Figure 6). The axis strong-weak represents 
the degree to which the object of study can be known in the sense 
of logical empiricism, the prevailing paradigm within the natural 
and engineering sciences. On the one hand, there is much strong 
knowledge of physical-chemical systems which can be analyzed in 
the isolated environment of laboratory experiments. On the other 
hand, many systems which are of interest from an environmen- 
tal point of view or many living entities like ecosystems, economic 
and social systems cannot, or not satisfactorily, be subjected to re- 
peated experimentation. The concept of sustainable development 
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covers many phenomena of which our knowledge will inherently be 
weak. Both scientists and the public have to learn to deal with this 
fact.[8] The other axis, hard-soft, represents the degree to which 
[parts of] the object of study can be manipulated and controlled for 
planning purposes. It is often related to the strong-weak axis and 
any judgment on soft versus hard depends on personal experience 
- which is often difficult to express in formal models. 
In such a generalization, the extremes are most easy to distin- 
guish. Statements about the combustion enthalpy of coal can be 
strong and hard for a given system boundary. Estimates of climate- 
sensitivity with regard to increasing greenhouse gas concentrations 
will be weak and hard. Propositions about a person's well-being 
are relatively weak and soft. Information about fuel prices is in 
between: some actors may rightly think they have strong insights 
and great influence on fuel prices within their realms of control. 
There are some interesting corollaries with the previously dis- 
cussed paradigms. The hierarchist tends to appreciate and rely on 
strong knowledge about hard variables, reflecting "official realism" 
with emphasis on expertise and control. The fatalist will perceive 
a large part of his environment as hard and weak - if interested in 
knowledge a t  all. Egalitarians, inspired by their ideals, often tend 
to overestimate the degree to which society can be managed - the 
softness of culture: they emphasize the weakness of our knowledge 
of Nature. The individualistic pioneerlentrepreneur may well see 
himself, with some disdain for scientific knowledge, as a hero who 
can soften the hardest rock. 
Within this framework, the quest for an operational definition 
of sustainable development can take several directions. One is to 
interpret it as the search for viable survival routes for humanity 
- the hard edges of a world which can be only partially known. 
Another is to look for desirable designs for the future - a mix of 
culture and nature which preserves tlie best of both worlds (cf. 
Figure 6). 
In this situation the combination of game-theoretic insights and 
experiences and the availability of ever faster computers provides 
a new tool to explore strategies for a [more] sustainable world: 
simulation-gaming. Depending on whether the emphasis is on the 
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computer model or on the game-elements, one also speaks of in- 
teractive simulation, policy exercises, strategic planning exercises, 
etc. In essence, a context for social learning and decision-making 
is constructed around a core of relatively strong models simulating 
relatively hard parts of reality. This provides the participants with 
ways to explore the relatively weak and soft manageable parts of 
strategies to guide a country along a sustainable development path, 
to confront fishermen with the tragedy of the commons (Meadows, 
1990) or to formulate an acceptable electricity policy in terms of 
costs, reliability and environmental damage (de Vries et  al., 1991). 
Sustainability is not something to be ordered from above. It is 
a slow and difficult restructuring process, in which present ways of 
thinking and behaving have to evolve into new and as yet largely 
unknown directions. It is essential to communicate the scientific 
findings about environmental developments, at the global, the re- 
gional and the local levels, to as large an audience as possible. 
Simulation-games have proven to be extremely helpful in teaching 
few but basic lessons; new multi-media techniques will further en- 
hance these possibilities. Based on personal experience, I expect 
and hope that simulation-gaming will develop into a most useful 
tool to explore and communicate these new directions. Among its 
great merits are: 
It allows non-experts to come to a broader, dynamic under- 
standing of what science can tell - and not tell - about the 
problems at hand. 
It provides a learning environment in which mistakes can be 
made, ignorance can be tolerated, risks can be taken - that is, 
a laboratory. 
It calls for personal involvement both in the sense of learning 
and communicating insights and for expressing and sharing val- 
ues. 
One may hope that these new tools will be helpful in tran- 
scending the deadlocks due to the strict separations between the 
expert and the decision-makerllayman or between the natural and 
the social scientist. It also invites participants to go beyond mere 
intellectual efforts, making it more of a whole as well as a healing 
experience. 
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[l] This in apparent contrast to  Brooks' feeling that  ". . . the term has 
a ring of scientific objectivity which can serve to  legitimize various 
personal or group political agendas, overt or hidden, and thus has 
a rhetorical value in public discussions which is not matched by 
its operational usefulness" (Brooks, 1992, p. 2). To me, it seems, 
such a tension is unavoidable - as is evident for instance from the 
discussions about the concept of the free market. 
[2] Thompson et al. argue that  these four paradigms are dynamically 
interacting on the basis of surprise experiences and that  none of 
them can exist without the other three. 
[3] As illustrated by Keyfitz, for example, in the observation that "The 
notion of carrying capacity is congenial to  natural scientists and an 
irritation to  social scientists'' (Keyfitz, 1991, p. 5). For paradigms 
and the role of science, see Jasanoff (1992). 
[4] Brooks (Brooks and Johnson, 1991) rightly asks some critical ques- 
tions about a classification like the one proposed by Thompson et 
al. Yet, he acknowledges that  this "[provocative characterization] 
. . . initially based on other areas of risk management such as nu- 
clear power . . . has a great deal of explanatory value [for the genetic 
engineering debate]" (p. 269). 
[5] These principles are (Daly and Cobb, 1989): 
We should not exploit renewable resources beyond their natural 
rate of regeneration; 
We should not exploit non-renewable resources beyond the rate 
a t  which renewable substitutes are made available; 
We should not burden environmental resources with pollutants 
a t  a higher rate than they are capable to assimilate them. 
[6] It will be evident that such an approach to the future is quite a nui- 
sance to  people who adhere to the PioneerIEntrepreneur paradigm 
"pur sang". 
[7] Cf. the critical loads approach t o  deposition of acidifying com- 
pounds (Hettelingh et al., 1991). 
[8] This may seem untrue for the ever larger part of our world which 
is artificial in the sense of man-designed and man-made. However, 
here, too, complexity has its price and these artefacts are still sub- 
merged into the much larger planetary flows of energy and materials. 
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Sustainable Underdevelopment: 
Commentary on Unresolved 
Issues 
Sven B. Lundstedt 
It should come as little surprise that benefit-cost structures and 
procedures to implement them are to be found everywhere. An 
especially unique and complicated form of benefit-cost structure 
exists in the critical trade-offs between economic development and 
global ecological balance in the environment. We usually cannot 
have it both, or all, ways for very long in any program of economic 
development and reform without redressing this imbalance. This 
apparent fact of life suggests that "sustainable development", as 
defined by Harvey Brooks in his excellent analysis (Brooks, 1992, 
pp. 29-59), will remain difficult to define and difficult to achieve in 
practice. 
We may reasonably assume that useful economic productivity in 
one economic system will always have some negative systemic spill- 
over effects leading to associated costs appearing in others. Given 
the complicated interrelationships and interdependencies known to 
exist between the different parts of any economy, fully industrialized 
or developing, these forms of complexity present serious manage- 
ment problems. However, not all second, or third-order effects from 
an industrializing economy are necessarily negative. There are also 
unanticipated good side effects that occur from time to time. I want 
to draw attention to the need for better understanding of the dy- 
namics of both positive and negative spill-over effects in any given 
case. The traditional idea of costs has to be significantly enlarged 
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to be included in even seemingly difficult to measure costs such as 
human suffering. 
The beloved automobile is an especially interesting example of a 
technology with an increasing negative to positive ratio of primary 
to  secondary, and tertiary, systems spill-over effects. Automobiles 
and other gas driven vehicles such as trucks and buses increasingly 
seem to create, in the short and long term, greater and greater 
physical, biochemical, social, financial and even psychological costs. 
At least for the next decade no practical alternative to the internal 
combustion engine has proven itself widely cost-effective, although 
other fuels and engines are being widely studied. Because of the 
adverse physical and economic power of this unique transportation 
invention many essential world systems are now at risk, including 
the atmosphere itself. Their sustainability, by any definition, is 
certainly in question. 
Worldwide energy production systems for heating and indus- 
trial production are also other examples of complex systems of crit- 
ical benefit-cost trade-offs. The way things are going it may be 
impossible, in the near future, to achieve lower cost sustainability 
by keeping critical environmental and ecological systems stable in 
order to achieve some form of overall systemic balance, without 
incurring serious political, monetary, technological, biological and 
social costs. 
It would be utopian, indeed, to expect to achieve truly balanced 
"sustainable development" in any case, given the present choice of 
fuels. Ideal levels of sustainable development are impossible to 
achieve, as well as impractical. I suggest that we may eventually 
need to develop another kind of "impossibility theorem" similar to 
Arrow's critical logical decision analysis in name only (it would a t  
least have to agree with Arrow's "impossibility theorem" to the 
extent that social agreements jointly decided cannot be determined 
by logic alone and require value choices) (Arrow, 1951). That is, it 
has to be a realistic alternative to  the idea of an endless development 
in the form of a cornucopia, which is often based on dangerously 
naive expectations of what can be, or even should be, delivered in 
comparison to development models based on economies in the West. 
We need to begin, also, to understand the ubiquity of economic 
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suffering often created by unrealistic expectations and foolha.rdy 
utopianism. 
Economic development, therefore, has to develop an idea of 
least painful sustainable underdevelopment, as well as its currently 
popular utopian counterpart. Yet it also must allow for a positive 
image and a vision of sustainable development to grow, in order 
to provide hurnan beings with an infusion of new hope that many 
improvements are possible in the future. This also has to include 
coming to a more realistic understanding of the down side of what 
we are already doing in development in the world. It is not a form 
of development heresy to attempt to face reality, rather it should 
be seen as an unequaled opportunity to build positively upon it. 
Policy planners and decision-makers in industrial development, 
for example, need to know more or less precisely just how far  they 
should go in achieving sustainability and development in specific 
cases before they begin hurting people and damaging or wasting 
too many natural resources. Governance is critical. Effective lo- 
cal control and participation through proper forms of subsidiarity 
are also required. If the developing countries succeed in making a 
quantum leap to industrialization in the next 50 years, how much 
polluted air and water are all the people to be potentially affected 
willing, or even able, to tolerate before environmental and human 
costs skyrocket? Can one imagine, for example, a time when every 
tenth citizen of China or Russia might conceivably own an auto- 
mobile? Unless new technologies that do not pollute appear on the 
scene, given demographic trends, the result would surely be a world 
disaster with regard to pollution. Kenneth Boulding once said of 
the arms race that we are skirting the edge of a chasm. By not 
understanding better the human tolerances toward the down side 
of sustainable limits of development, as well as the persistence of 
unrealistically high hopes, we may be skirting the edge of a chasm. 
This creates a dilenimafor politicians, to be sure. Given the adverse 
effects from a degrading and increasingly unstable global ecology, 
what are the limits of human tolerance for sustainable underdevel- 
opment? In many cases, in the developing countries any improve- 
ment in quality of life would be considered reasonable progress in 
economic development. 
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Many will argue quite correctly that we are already trying to 
find many of these parameters. And to calculate, wherever we can, 
new forms of cost analyses for ecological systems to provide the 
critical feedback signals about human and environmental limits of 
sustainability at both ends of the development continuum. Even 
given enormous progress, most of the scientific findings to  date, 
however, have not been functionally integrated into positive envi- 
ronmental control programs in development to permit policy im- 
plementation. Still, most governments have not yet implemented 
proper environmental control programs. With the practical need to 
maintain incentives and inducements for direct foreign investment, 
more often than not, the environment is compromised. Many busi- 
nesses still cling to the traditional form of accounting in which 
the environment is seen as an unnecessary externality, rather than 
to see environmental costs as a legitimate part of the overall cost 
structure. 
Much to the chagrin of some economists, there is no endless 
cornucopia of economic development possible, sustainable or oth- 
erwise, over the entire world as we have been told over and over 
again. At best, and for many resources, prices only control market 
access to dwindling supplies, as in the case of oil, as geologists have 
demonstrated for over two decades. As suggested by the pioneering 
work on the "limits to growth" there are real system boundaries for 
everything, including the limited resources in the ground. 
After all the promises that have made by some development 
administrators and political and industrial leaders, what a sad day 
it may become for the people of a developing country when they 
must painfully learn to adapt to the fact that they cannot have 
everything their Westernized economic development programs may 
have led them to think of as possible to achieve. What an impos- 
sible political and distribution problem this will pose in the future 
without an accurate sense of the realistic lower and upper limits of 
human tolerance for sustainable underdevelopment. 
If this alternative vision of sustainable underdevelopment is in- 
deed found to be the true picture imposed by the constraints of 
the environment, how do we learn to live with the hard fact that 
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not everyone, or perhaps even a t  times the most needy, will neces- 
sarily share equitably in the world's wealth, even to sustain their 
basic needs? Should development planners encourage an approach 
to development that attempts to meet basic human needs to  assure 
that only basic survival is possible? Hardly. How will those who 
may believe in a purely market oriented approach to development 
resolve this ethical dilemma of distribution? If this is indeed true, 
then from what philosophy of life and human betterment will we 
have to  find renewed hopes for the future? And what about the 
economic, moral and political justifications for living with less than 
one hoped to get from all the promises made in the name of progress 
and human betterment in the past? A danger is that people may 
become too deeply stoical and cynical if this deeper human aspect 
of the human personality is not considered. In cooperation with 
the rest of the world, both West and East may have to share with 
each other more of their various philosophies, justifications, wisdom 
and creative forms of culturally based problem solving about how 
to achieve economic fullness in life, as well as whatever else may be 
required. 
Materialism, or technology alone, surely cannot provide the en- 
tire answer. Economies based on purely materialistic assumptions 
to the neglect of moral and spiritual considerations have been shown 
to be not particularly successful in providing appropriate solutions 
to meeting human needs. Human satisfaction within the economies 
of the world may also have to be based on people acquiring much 
more knowledge and education, as well as the appropriate spiritual 
satisfactions that reach beyond material technologies, important 
though the technologies, are. These are areas in which sustainable 
oz1erdevelopment should, and can, flourish. 
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Rapporteur's Report 
Joanne Linnerooth-Bayer 
The challenge raised by Harvey Brooks in his paper, Sustainability 
and Technology, is to translate the concept of "sustainable devel- 
opment" into operational criteria. Brooks' main point is that the 
term should be operational, by which he means that a consensus 
should be sought on the meaning of sustainable development which 
makes clear the underlying goals and values of those using it. The 
danger is that the term continues to be used in a "catchall" manner 
or primarily for its rhetorical value. It is important, according to 
Brooks, that those using the term be explicit about their underlying 
goals and values for the future of global society. 
One generally shared goal for a sustainable society is the long- 
term survival of humankind, for which there may exist many paths, 
each dependent on a particular social and cultural context. If sur- 
vival is the goal, then sustainability is a necessary, but not entirely 
sufficient, condition for a desirable society. For instance, it may 
be possible for the earth to support a much larger population than 
generally considered feasible. Taking into account radically differ- 
ent technologies for producing food, even a population of 100 billion 
might be imagined. Yet, this path may not be desirable. Consid- 
ering the diversity of values, especially between the developed and 
developing countries, separating the concepts of "sustainable paths" 
from "desirable paths" might establish the basis for a consensus on 
the concept of sustainable development. 
Bert de Vries, in his discussion of Harvey Brooks' paper, ques- 
tions whether such a consensus with respect to its definition of 
sustainability is either desirable or even possible. Much like the 
concept of human rights, which enjoys little consensus on its precise 
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meaning but which has proven powerful in changing the behavior of 
many governments, the practical usefulness of the sustainable de- 
velopment concept may lie more in its intuitive and symbolic value 
than its precise meaning. A fruitful concept of sustainable develop- 
ment, de Vries argues, should take into account the different images 
or metaphors of the future of those using it. The rather short his- 
tory of the concept of sustainable development suggests five possible 
clusters of these images or perspectives, including the technological, 
the resource-economic, the environmental, the ecological, and the 
cultural. 
For the technologist, human resources in terms of skills, adap- 
tiveness and ingenuity are the means for overcoming physical re- 
source and pollution constraints. Technology is the major driving 
force, in fact, the greatest threat may be an image of a future which 
is laden with a fear of the constraints. The resource economist 
does not have this same sense of technological inspiration, but does 
consider it necessary to use technology in carefully managing the 
future. The environmentalist sees the human's role on earth as a 
steward, and the essence of the environmental perspective is an- 
thropocentric care of the "Garden Earth". To the ecologist, na- 
ture is characterized by a vision of interdependence, harmony and 
partnership, not by exploitation and utility. Finally, the cultural 
orientation differs from the previous perspectives in the sense that 
human psyche and culture are the starting points, and the debate 
on sustainability should, in this view, be related more to "quality 
of life". If life is to be sustained, it should also be worth living. 
These different perspectives, de Vries points out, are closely 
related to the concept of plural rationalities found in cultural theory 
as developed by Mary Douglas, among others. (See, for example, 
Douglas and Wildavsky, 1982, or Schwarz and Thompson, 1990.) 
They do not, however, necessarily contradict Brooks' plea to 
separate or be explicit about value judgements. However, we know 
from debates on the social acceptability of technology that these 
different rationalities ultimately obstruct meaningful communica- 
tion since the very essence of the problem is framed and defined 
differently depending on the rationality of the participants in the 
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discussion. The same appears to hold true for the concept of sus- 
tainable development, and without this communication it is hard to 
conceive of a consensus on its definition. The complexityof reaching 
a consensus will be manifest then, not only in the "North-South" 
dialogue, but even within the borders of a country. 
Brooks conceptualizes a sustainable development policy for the 
selection and deployment of technologies as one that forecloses as 
few options for future generations as possible. In assuring that 
these options are not closed off, we should take account of the re- 
sources we use up as well as the resources we leave behind. This 
includes not only physical infrastructure, but in addition knowl- 
edge and social capital in the form of social organization, norms, 
networks, trust and a sense of community - all of which enhance the 
future's capacity for coordinated action. In many ways, this con- 
cept of sustainable development reflects, but also goes beyond, de 
Vries' perspective of the technologist for whom resources in terms 
of skills, adaptiveness and ingenuity are the means for overcoming 
constraints in terms of population, resources and industrial waste. 
This rather optimistic concept of sustainable development raises 
at least two major concerns. The first involves the distribution of 
resources over the planet. It is important to ask which societies 
sacrifice their current natural resources and which societies inherit 
the knowledge and social capital. The second issue concerns how 
far this technological and social/institutional inheritance will take 
future generations in addressing the problems we endow them with, 
and what might be the unanticipated or inevitable surprises. Again 
revealing his optimism, Brooks suggests that we hope for positive 
surprises. Indeed, surprise is a form of information since if we 
expect something, the information content is nil. 
Perhaps one of the more controversial points in Brooks' paper, 
and one that caused a great deal of discussion at the workshop, is 
his argument that the rate of change of the level of development 
and population is more important than the absolute numbers, at 
least at the present time. One important reason, of course, is that 
our social institutions and infrastructures have a more difficult time 
adapting to rapid or discontinuous changes. But some participants 
queried whether the absolute levels of population and pollution in 
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some areas were not, even today, reasons for considerable concern. 
While the social capability to adapt appears to be increasing, what 
societies must adapt to, even today, may be outstripping this ca- 
pability. 
Brooks argues further that ecorlomic development and sustain- 
able development can be synergistic; in fact, any strategy that de- 
stroys the economy is certainly not sustainable. When considering 
economic development, it is important to recognize that economic 
growth can take many different forms, including growth in the area 
of health and education in developing countries. The issue appears 
to be how to channel economic growth to promote a sustainable 
world. In this regard, the discussants noted several difficulties. 
One major problem appears to be the social propensity to couple 
innovations that conserve resources and reduce pollution with be- 
havior that increases resource use. Two examples were given at 
the workshop: The European Community is considering proposals 
to make trucking more energy efficient and less polluting, but the 
proposals will hardly keep up with the rapidly increasing numbers 
of trucks on the roads. Nor, for that matter, did the revolution in 
information technology reduce the amount of paper we use. 
Another unsettling difficulty is the number of technological in- 
novations that do not come onto the market. Fritz Paschke pointed 
to the automobile as an example. The environmental contaminants 
from automobile use can be reduced significantly. The use of mi- 
croelectronics results in better engine control; advances in material 
resources can lead to lighter frames and almost total recycling; and 
computer simulation can make it possible for engines to operate 
with far less fuel. Advances in biotechnology can lead to alterna- 
tive fuels, and electric engines are already in operation. Hence the 
problem appears not to lie in technological innovation, but rather 
in marketing the innovations. The troubiiilg fact is that many of 
the above advancements were already available many years ago. 
(The basis for the innovatioli of the direct injection diesel engine 
was already available in the 1930s!) If technology does significantly 
change the way we operate, it will likely be through the slow, incre- 
mental processes that we have experienced in the past rather than 
by radical changes. 
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The issue of technological innovation and dispersion naturally 
leads to a discussion of the role of the market in directing techno- 
logical development towards more sustainable paths. While it is 
now taken more or less for granted that the market has serious de- 
ficiencies when left unregulated, several discussants suggested that 
market distortions on the part of government may be a more seri- 
ous source of environmental degradation than the intrinsic failure of 
markets to internalize environmental externalities. A recent study 
on deforestation by the World Bank reveals that major culprits are 
government subsidies and other types of market interference. The 
same holds true in many other areas, i.e., road subsidies, energy 
pricing, and farm supports. The message is not that the govern- 
ment should not interfere with the market, but that it should in- 
terfere in such a way that the prices "tell the truth" or reflect the 
true environmental and social costs. 
Another problem with government interference, or even non- 
interference, is that the measures often have the opposite effect 
from their intent. For example, in many developing countries it is 
considered immoral to charge for water even when water resources 
are extremely scarce. Rut since the rich often have sole access to the 
plumbing necessary for receiving the water, water vendors charge 
the poor! 
The North's responsibility towards the developing world is cen- 
tral to any discussion on technology development and global sus- 
tainability. The industrialized North uses far more energy and other 
resources per person, and therefore produces more C 0 2  and other 
greenhouse gases than the South. Hence, it is sometimes argued 
that the First World, rather than the Third World, ought to  limit 
population. This view was not wholeheartedly accepted by the par- 
ticipants, however. Since the Third World is intent upon attaining 
the economic levels of the First World, and as rapidly as possible, 
it is inconsistent to treat the less developed countries as though 
they will always be poor. One of the big problems of the debate 
about sustainability, it was bemoaned, is that population is often 
off limits as a controllable variable. 
Technology and knowledge transfer is certainly not off limits, 
and it is often and rightly argued that economic development in 
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the Third World, with the aid of the North, is the most promising 
way to reduce population. There is little scientific disagreement 
that the most critical variables for family size are education and 
income. The World Bank asserts that if women were educated 
worldwide, the average number of children per woman would de- 
cline from seven to three. The argument for transferring significant 
sums to the South for technological development and environmen- 
tal improvements gains even more momentum considering that,  in 
many instances, the industrialized North can reduce global pollu- 
tants more cost effectively by introducing new technologies in the 
South. Unfortunately, the enthusiasm for this route to a sustain- 
able world is dampened somewhat by the numbers. One participant 
referred to a study in Finland which showed that the investments 
in energy technology alone, in order to ensure that the developing 
world achieves the same level as the developed, would be far more 
costly than what is presently even discussed for technological aid. 
But it may be these kinds of costs that are necessary, since there 
was little disagreement that closing the rich-poor gap is necessary 
for any long-term social sustainability. 
If technology and income transfers from North to South are cru- 
cial ingredients for a sustainable world, we have to face the trade- 
offs that such transfers imply. One trade-off may be the options that 
we leave to future generations in the form of endowments in knowl- 
edge and social capital. As one participant asked, what is more 
likely to promote global sustainable development - investments in 
scientific research or technology transfers to the developing coun- 
tries? Difficult trade-offs of this sort must be faced if we are to 
meet Brooks' challenge of translating the concept of "sustainable 
development" into operational criteria. 
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Foreword 
In his paper Tokio Kanoh writes of the unprecedented prosperity 
that technological innovation has provided. Aside from giving us 
such rich consumption of varied goods, technology has also short- 
ened working hours, extended longevity, and enriched our supply of 
information. One after another mankind's dreams have come true. 
Potentially grave difficulties reside in the fact that 80 percent 
of this affluence is powered ultimately, directly or indirectly, by hy- 
drocarbons, mostly fossil fuels. These have already begun to reveal 
numerous problems: we hear complaints on the disposal of waste; 
throw-away consumption including frequent replacement of durable 
household equipment; urban pollution; acid rain; land erosion; and 
global warming. Nor does that complete the list of problems that 
have become associated with industrial society. On another level 
are drugs, crime, AIDS, homelessness, and a variety of other social 
ills. A range of miscellaneous concerns goes all the way from traf- 
fic accidents and congestion of roads to  growing inequities between 
North and South that disturb the world community. These all re- 
mind us that civilizations do not last forever, and some of those we 
read about in history have lasted but briefly. Is that likely to be 
the fate of ours? 
Not if we recognize the problems and deal with them, for the 
solutions are as obvious as the difficulties themselves. Once we 
become attentive to the problems, which means becoming more 
humane and ecologically minded, we will make durable goods gen- 
uinely durable and then be willing to use them longer and build 
adequate roads and other infrastructure before rather than after 
supplying the market with the convenience of private cars. 
Deposits on bottles and other containers will be high enough 
to constitute adequate incentives for recycling. Industrial waste 
heat can be salvaged for heating homes, spent nuclear fuel can be 
reprocessed. When environmental costs are included in product 
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prices by means of appropriate taxes energy conservation will be 
spontaneously looked after by citizens. 
'The list of what can be done is a long one. Better design of 
houses, including better insulation, would lower use of fuel for heat- 
ing and cooling, and be worth while even after district heating that 
utilizes waste heat from industry becomes general. Prototypes have 
already shown that automobiles can run at a much higher efficiency 
than any now on the road. Cars would be run less if mass tran- 
sit systems were improved and their use encouraged. Hydro and 
gcother~nal sources of energy issue no emissions, and they ought to  
be promoted to the extent that sites can be found. 
In the past, energy use has grown pari passu with incon~e, al- 
most as though every dollar or yen of income required a constant 
amount of energy. In fact there is no such constant ratio of energy 
to  income, and Kailoh would go further toward decoupling the two: 
let income rise by all means, but hold down energy use. 
The  above eminently practical measures could be undertaken 
without appreciable sacrifice; our standard of living would continue 
to  rise, even if not quite as rapidly as without such measures. Not 
as rapidly in the short run, that is; in the long run such measures 
would permit faster rise than would be possible without them. Yet 
the obviousness of these suggestions, depending very little on new 
technology but only on better use of the existing technology, does 
not ensure their use. We see rnore verbal agreement on them than 
we see actual implementation. In only a few countries are these 
changes being made a t  all, and for the most part not very whole- 
heartedly. 
Cooperative programs are needed to stimulate conservation in 
countries with carbon dioxide emissions above the average. For the 
developing countries transfer of the technology for energy conser- 
vation measures is strongly recommended. 
Tokio Kanoh has provided an exhaustive account of the diffi- 
culties the industrial world faces, and insofar as these are due to  
excessive energy use he shows the means for dealing with them. 
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Discussion 
Alessandro Vercelli 
Mr. Tokio Kanoh's paper is a broad survey of the issues related to 
dematerialization and decarbonization well documented by compre- 
hensive worldwide empirical evidence and accompanied by a long 
list of policy proposals. 
The paper is very stimulating and informative, but I would like 
to  comment that the conceptual framework underlying the analysis 
is not fully made clear. Why should we pursue dematerialization 
and decarbonization? What,, if any, is the nexus between the two 
goals? How should we pursue them? 
The empirical evidence and the policy proposals put forward by 
Mr. Kanoh may have different theoretical and practical implications 
for different answers to  the preceding questions. 
What  I can try to do in my comments is just to give a few sug- 
gestions for the possible directions of analysis. Being an economist, 
I will base my suggestions on an ecological economics framework. 
My first observation is that economic development would not 
be sustainable in the long run wit,hout a sufficiently rapid process 
of dematerialization and decarbonization. The reasons are not so 
obvious as they may appear at first glance, and they are partly 
different for the two processes. In addition, this thesis may be 
analyzed from two different points of view, depletion of exhaustible 
resources and pollution. 
Let us begin from the point of view of depletion and analyze 
dematerialization and de-energification first. Economic develop- 
ment has been traditionally defined by the economists as implying 
a growth in output per capita and consequently in material and 
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energy inputs. Since part of the material input comes from ex- 
haustible resources and part of the energy input comes from non- 
renewable sources, economic development seems condemned to be 
unsustainable. Optimistic economists claim that the problem may 
be easily solved by substituting non-exhaustible resources for ex- 
haustible resources and renewable energy inputs for non-renewable 
energy inputs. In addition, they believe that the market mech- 
anism would be perfectly efficient in performing this substitution 
process rapidly and correctly. From this viewpoint, as a resource 
approaches exhaustion its price would rise because of its enhanced 
scarcity, and this would reduce its utilization and increase the uti- 
lization of less scarce resources. 
Unfortunately, it can be shown that there are limits to  this pro- 
cess of substitution so that the market is unlikely to  succeed in ex- 
ploiting the potential benefits of substitution efficiently enough and 
rapidly enough. There are many reasons for market failures that 
are related to different kinds of external effects which the market is 
unable to evaluate. I will just mention one. Substitution may occur 
only when how to do it is known, but existing technological knowl- 
edge is insufficient to allow substitution whenever this is necessary 
for sustainability. In addition, we cannot just rely on technological 
progress, as its results are always deeply uncertain: technological 
change cannot be fully planned and perfectly forecasted. Research 
on substitution must start long before it becomes urgent: however, 
the market mechanism is short-sighted and unable to give the right 
signals in time. Even those who believe in the virtues of a perfectly 
competitive market as far as the static allocation of resources is 
concerned recognize that it does not work well for inter-temporal 
allocation, particularly under conditions of strong uncertainty [see, 
e.g., Hahn (1989) and Vercelli (1991, ch. 5 ) ] .  
Since we cannot fully rely on the substitution of non-exhaustible 
resources for exhaustible resources arid renewable energy sources for 
non-renewable energy sources, development can become sustainable 
in the long run only by relying on a continuing process of dema- 
terialization and de-energification. In other words we must find a 
way to increase the output without increasing either the material 
or the energy inputs. 
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Fortunately, this process has already begun. Kanoh gives in- 
teresting examples, particularly for the de-energification process. 
In particular he shows (in Figure 7) that in the Japanese private 
industrial sector the consumption of energy did not increase after 
1973, notwithstanding a great increase in output; more generally, 
after the oil shocks of the 1970s, the consumption of energy began 
to increase less than the output ("decoupling of energy from GNP" 
in Kanoh's words). 
Kanoh also maintains that the process of dematerialization be- 
gan long ago and is currently going on. He stresses in particular the 
process of structural change (see pp. 69-72 and Figure 2) which has 
shifted production from the more resource-intensive sectors (steel- 
making, chemical, aluminium refinery, cement) to less resource- 
intensive sectors (informatics, bio-technology, services). He also 
mentions recycling as a potentially powerful means of dematerial- 
ization. In fact, recycling reduces the percentage of new material 
inputs contained in a unit of product. Unfortunately, recycling is 
currently developing too slowly, as the author himself recognizes. 
We can recall two other important processes which may induce 
dematerialization: 
1. Miniaturization, i.e., the reduction in size and weight of a cer- 
tain good. The case of electronics is particularly clear. Comput- 
ers, for example, have progressively become smaller and smaller 
while becoming more and more powerful. This means that the 
material input of goods measured in use value is steadily de- 
creasing. 
2. Increasing the content of R&D in the value of goods which 
again implies a reduction in the material and energetic content 
of goods per unit of value. 
It has been observed that the new technologies are ambigu- 
ous from the point of view of dematerialization (see, in particular, 
Herman et al., 1990). Miniaturization in electronics has increased 
greatly, for example, the number of computers per capita, while 
the diffusion of computers - somewhat surprisingly - has greatly 
increased the consumption of paper, and so on. However, if the ef- 
fects of technological change are ambiguous at the micro-economic 
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level, they are ~nuch  clearer at the macro-economic level. The per- 
centage of national income produced by primary (agricultural) and 
secondary (irldustrial) sectors is declining, while that produced by 
the tertiary sector (services) is increasing. Since the percentage of 
material inputs in the tertiary sector is, generally speaking, lower 
than in the primary and secondary sectors, the process of tertiariza- 
tion contributes to the dematerialization at the aggregate level. 
Coming back to the conceptual framework of the paper we may 
say that,  from the point of view of the depletion of exhaustible 
resources, the nexus between the first part of the paper which deals 
with dematerialization and the second part which analyzes the so- 
called decoupling of energy from GNP, is quite clear. Less clear is 
the nexus with the third part which deals with decarbonization of 
energy sources. 
The most urgent reason for dealing with decarbonization is not 
scarcity: in the paper presented in this conference Dr. Umberto 
Colombo (1992) clearly shows that,  paradoxically, proven reserves 
of oil and natural gas have kept increasing faster than their deple- 
tion and that "proven reserves [of coal] could guarantee more than 
230 years of energy supply at present levels of consumption". The 
inost urgent I.eason for promoting decarbonification is, of course, 
pollution leading to the greenhouse effect, acid rain, damage to 
health, etc. Pollution may also justify, in part, dematerialization 
and de-energification. Any inaterial process of production and con- 
sumption of goods and energy is potentially polluting, but here 
again the main problem is the substitution of less-polluting, pro- 
ductive processes, goods and sources of energy for the existing ones. 
The relationship between depletion and pollution in the frame- 
work of a inodel of sustainable development may be seen in a dif- 
ferent time-scale: depletion of exhaustible resources is mainly a 
long-term problem, while pollution is also a medium- and short- 
term problem. 
However, there is also a deeper relationship between pollution 
and depletion. What makes the environmental problems particu- 
larly urgent and intractable is the interaction between depletion and 
pollution. Pollution induces the rapid depletion of vital resources. 
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which are not classified as exhaustible per se but are heavily af- 
fected by pollution in their quality: in particular water and air. In 
other words, what is rapidly becoming very scarce is clean air and 
clean water. I could add in the same category other commons such 
as bio-diversity and cultural diversity, which continue to shrink as 
a consequence of economic growth (see Dasgupta et al., 1993). 
What is really dangerous, as Professor Harvey Brooks (1992) 
reminds us in his paper, is a scarcity not signalled by prices. Pol- 
lution induces negative externalities, which the market is unable to 
express through prices. The depletion of clean air and clean water 
and other resources is so worrying exactly because its causes and 
consequences are not signalled by market prices. Moreover, in this 
case, it is very difficult, if not impossible, to  find viable and accept- 
able substitutes for the depleted resources. In addition we cannot 
remedy the problems induced by externalities through Pigouvian 
taxes and subsidies, because for these kinds of resources property 
rights are neither defined nor easily definable. 
Mr. Kanoh does not limit himself to a description of current 
trends in dematerialization, de-energification and decarhonization; 
he also suggests a long list of policy proposals meant to  accelerate 
the pace of t,hese processes. Most of these proposals may be con- 
sidered sensible, although not particularly original. Unfortunately 
the priorities and compatibilities among them are not discussed in 
the paper. For example, investment in "attractive infrastructures" 
(p. 67), or in "district heating and cooling systems'' (p. 67 and 78), 
or in better insulation in housing (p. 78), may imply, a t  least in 
the short run, an increase in economic activity which could aug- 
ment public expenditure and growth and put higher pressure on 
resources. 
Another possible incongruence in the policy part of the paper 
inay be seen in an alleged confidence in the power of the price mech- 
anism (pp. 72, 78), while the policy proposals neglect the measures 
based on the correction of the price system in order to internal- 
ize the externalities and decentralize the economic incentives and 
dis-incentives (ecological taxation, marketable permits, etc.). 
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Finally a safe and peaceful utilization of nuclear power is advo- 
cated without discussing t h e  technological and economic objections 
which have been raised against this policy. 
We must  conclude tha t ,  the  lack of a clear conceptual framework 
partly undermines also the  policy part  of t h e  paper. Notwithstand- 
ing this weakness, we must thank Mr. Tokio Kanoh for his lucid, 
informative, and  insightful description of t h e  current processes of 
energy decoupling and  decarbonization. 
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Discussion 
Ernst von Weizsacker 
Mr. Tokio Kanoh's paper "Toward dematerialization and decar- 
bonization" addresses three important issues relative to  the need 
of eco-structuring the world economy: ( I )  the de-materialization 
of affluence, (2) the de-coupling of energy from GNP, and (3)  the 
decarbonization of energy. 
Kanoh makes a number of proposals for actions on interna- 
tional levels. With few exceptions they are part of the interna- 
tional discussion today. Nevertheless, all warrant further consider- 
ation, in particular from the point of view of the LDC's. Perhaps 
the most controversial of Kanoh's proposal is his suggestion to in- 
crease nuclear power supplies for countries "without natural energy 
resources" as soon as possible. 
The following questions should be considered in connection with 
Kanoh's paper: 
Which substances should receive priority attention in the de- 
materialization process, using toxicity, depletability, climatic 
"toxicity" as criteria? 
How far can resource and energy productivity (welfare output 
per resource unit-input) be increased? 
Which steering mechanisms will lead to significant increases in 
energy and resource productivity? 
How can forest mining, petrol mining, the mining of fossil water, 
etc., be stopped or slowed down? 
A consistent strategy for initiating toward more sustainable de- 
velopment may be composed of the following elements: 
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